Diabetes and obesity are worldwide health problems. White fat dynamically participates in hormonal and inflammatory regulation. White adipose tissue is recognized as a multifactorial organ that secretes several adipose-derived factors that have been collectively termed "adipokines. " Adipokines are pleiotropic molecules that gather factors such as leptin, adiponectin, visfatin, apelin, vaspin, hepcidin, RBP4, and inflammatory cytokines, including TNF and IL-1 , among others. Multiple roles in metabolic and inflammatory responses have been assigned to these molecules. Several adipokines contribute to the self-styled "low-grade inflammatory state" of obese and insulin-resistant subjects, inducing the accumulation of metabolic anomalies within these individuals, including autoimmune and inflammatory diseases. Thus, adipokines are an interesting drug target to treat autoimmune diseases, obesity, insulin resistance, and adipose tissue inflammation. The aim of this review is to present an overview of the roles of adipokines in different immune and nonimmune cells, which will contribute to diabetes as well as to adipose tissue inflammation and insulin resistance development. We describe how adipokines regulate inflammation in these diseases and their therapeutic implications. We also survey current attempts to exploit adipokines for clinical applications, which hold potential as novel approaches to drug development in several immune-mediated diseases.
Introduction
Diabetes and obesity are serious health threats and increase the risk for many chronic diseases. The World Health Organization predicts that 3 billion adults will be either overweight or obese by 2015 [1] . Obesity is one of the strongest risk factors for the development of type 2 diabetes [2] . A major cause of type 2 diabetes is impaired insulin action in adipose tissue (AT), skeletal muscle, and the liver coupled with insufficient secretion of insulin to overcome this resistance. Even without diabetes, insulin resistance is a major risk factor for cardiovascular disease and early mortality [3, 4] . To develop new strategies for the prevention and/or treatment of obesity-related diseases, an improved understanding of the cellular and molecular mechanisms underlying obesity and their cross talk with other systems, such as the immune system, is essential.
Obesity leads to a dysregulation of several immunologic and adipose tissue-derived factors. Adipose tissue secretes many adipokines, including RBP4 (retinol binding protein 4), leptin, resistin, vaspin, visfatin, hepcidin, adiponectin, and inflammatory cytokines, which act locally (autocrine/paracrine) and systemically (endocrine) to regulate insulin sensitivity, immune response, cardiovascular function, and many physiological processes [5] (Figure 1 ). Adipocyte-secreted molecules can either enhance (e.g., adiponectin) or impair (e.g., TNF, interleukin-(IL-1 ), and resistin) insulin action [4, 6] . An effective approach for the treatment of obesity and its related disorders would involve a systematic investigation of factors affecting energy intake, systemic low-grade The adipose tissue secretes molecules called adipokines. These adipokines act locally (adipose tissue) and systemically, regulating several aspects of body homeostasis, including the immune system, the cardiovascular system, and insulin sensitivity.
inflammation, adipose and liver inflammation, metabolism, and energy expenditure. At the individual level, interventions to treat overweight have revealed limited success with the exception of bariatric surgery, which has a relatively high mortality risk. Adipokines play an important role in the regulation of appetite and satiety, inflammation, fat distribution, insulin sensitivity, and energy expenditure, among others, and are promising molecular candidates for the development of new treatments for obesity and its related diseases.
Leptin
Leptin acts as an endogenous sensing factor and provides a critical link between the environment, metabolism, and immune function [4, 6, 7] (Figure 2 ). Leptin was first described in 1994 [8] , although insights into the biology of an unknown regulator of body weight and food intake were gained earlier with the description of two mouse models, one obese (ob) and the other diabetic (db) [9, 10] . Leptin signals via the leptin receptor (ObR), which exists as several isoforms; these receptors have identical extracellular domains, but only ObRb has a long cytoplasmic domain and definitive signaling capacity through the Janus Kinase (Jak) and STAT3 and also AkT/mTOR pathway [11] .
Leptin is an important regulator of the immune system. Leptin-deficient (ob/ob) and leptin receptor-deficient (db/db) mice exhibit thymic atrophy and are immunodeficient [12] . Leptin is considered a proinflammatory adipokine because of the actions it exerts in several cells of the immune system, including monocytes/macrophages, dendritic cells, neutrophils, eosinophils, basophils, natural killer cells, and lymphocytes [4, 6, 13, 14] . In humans, leptin was shown to shift CD4 T cells toward a Th1 profile and to stimulate both the activation and the proliferation of circulating monocytes.
In the innate immune system, leptin participates in the activation of monocytes and macrophages, supporting phagocytosis and the production of leukotriene, cyclooxygenases, nitric oxide, IL-18, and proinflammatory cytokines TNF and IL-1 [15] [16] [17] . Also, leptin stimulates both the activation and the proliferation of circulating human monocytes [18] . In mice prone to lupus development, leptin increases macrophages phagocytosis of apoptotic cells by increasing cAMP levels, favoring the availability of selfantigen from apoptotic cells [19] . In obese and insulinresistant mice, leptin levels increase due to leptin resistance. These high circulating levels of leptin can act on adipose tissue macrophages, increasing the levels of proinflammatory M1 macrophages [20] . In neutrophils, leptin increases chemotaxis and the release of oxygen radicals indirectly via the production of TNF by macrophages [21, 22] . Leptin affects the activation and development of NK cells, both in vivo and in vitro [23, 24] . Because NK cells express OBRb and db/db mice exhibit an NK cell deficit, leptin may act both on the development and maintenance of these cells [23] . Dendritic cells, key cells in antigen presentation and induction of adaptive immune system activation [25] , are also modulated by leptin. Leptin promotes the maturation and survival of DCs by activating nuclear factor-B (NF B), which exerts an antiapoptotic effect on DCs [26] . Treatment of monocytederived DCs with leptin increases the production of IL-12, IL-6, and IL-1 and downregulates the production of IL-10, underlining the view of leptin as a proinflammatory adipokine [26] . Furthermore, both immature (iDC) and mature (mDC) bone marrow-derived DCs (BMDCs) from ob/ob and db/db mice demonstrated decreased expression of costimulatory molecules and an impaired ability to stimulate allogeneic [27] or syngeneic [13] T cell proliferation. Importantly, leptin blocks the capacity of DCs to induce regulatory T cells [13] . Although several reports describe the role of leptin in dendritic cells, how leptin affects tissue resident dendritic cells remains unclear. One study analyzing splenic resident dendritic cells reported that splenic DC from leptindeficient mice can enhance T cell response ex vivo [28] , a result that contrasts those obtained with bone marrowderived dendritic cells. Thus, it seems that leptin may have different role according to DC subset. Thus, strategies to reduce the levels of circulating leptin could be important for inducing a regulatory type of immune response. In adaptive immunity, leptin has been primarily investigated in CD4 + T cells. Lord and coworkers showed that leptin exerts a specific effect on T cell responses by regulating the proliferative responses of naïve and memory T cells and increasing IFN-production [29] . Followed by this study, leptin was shown to enhance the proliferation of human T cells and shift the CD4 T cell profile towards a Th1 phenotype [30] . Recently, a role for leptin in determining CD4 + T cell fate has been described. Leptin favors both inflammatory Th1 and Th17 cells [26, 29] and inhibits both Th2 and regulatory T cells (Treg) [13, 31, 32] . Leptin-deficient mice exhibit increased Treg numbers and enhanced Treg suppressive potential [33, 34] . Furthermore, blockade of leptin receptors during TCR activation induces Treg proliferation [32] . T cells from ob/ob animals exhibit decreased secretion of proinflammatory cytokines, such as IL-2, IFN-, TNF, and IL-18, and increased secretion of Th2 cytokines, such as IL-4 and IL-10, after mitogenic stimulation, which can explain why these animals demonstrate greater protection from autoimmune diseases and transplantation rejection [34] [35] [36] . Similarly, leptin receptor-deficient mice (db/db) have impaired IFN-production by T cells as well as T cell proliferation and Th17 differentiation [37] . Leptin increases Th1 responses and inhibits Th2 immune responses, affecting the polarization of CD4 + T cells towards a Th1 phenotype [29] . Using conditional deletion for LepR in CD4 cells, Saucillo and coworkers showed that leptin signaling pathway is associated with upregulation for the glucose transporter 1 in CD4 + T cells [37] , which is an important receptor for glucose uptake and glycolysis in CD4 T cells, helping their activation and effector function [38] . Because leptin favors the Th1 and Th17 profile and these cells have been associated with autoimmune diseases, such as experimental autoimmune encephalomyelitis (EAE), it is possible that leptin neutralization can, at least partially, protect against the development of transplant rejection, EAE, and other autoimmune diseases, such as type 1 diabetes, lupus, and antigen-induced arthritis [13, 33, 34, 39, 40] . Indeed, leptin inhibition was shown to have several beneficial effects. A leptin peptide functioning as an antagonist mutant leptin reduced food intake when administered intracerebroventricularly [41] . Moreover, a leptin antagonist was shown to reverse hypertension induced by leptin central overexpression [42] and was proposed to be a novel therapeutic approach for the treatment of autoimmune diseases [43] .
Given that leptin levels are increased in obesity and play an important proinflammatory role, strategies to attenuate leptin's effects on the immune system would be of great importance. Because leptin is a central negative regulator of body weight, it has been proposed as a treatment for obesity. However, obese individuals exhibit increased circulating leptin levels, and leptin does not reduce food intake or improve any metabolic parameter in these individuals due to the occurrence of leptin resistance in the brain [44] . Moreover, exogenous administration of leptin did not affect appetite or body weight in obese patients, again due to central leptin resistance [45] . However, it was recently described that amylin, another adipokine, can restore leptin sensitivity when combined with leptin, enhancing body weight reduction in obese rodents and humans [46] . It is important to note that leptin administration may exert deleterious effects on the immune system due to its proinflammatory function. Reducing leptin levels could reduce adipose tissue inflammation and the ongoing inflammation that occurs in autoimmune diseases, but it also affects appetite and food intake. Leptin antagonist also may have some therapeutic values and efficient leptin antagonism can be achieved in vivo [47] . A novel antagonist of leptin, produced by pegylation in order to increase the leptin antagonist half-life, increased food intake and weight gain in mice [48] . This weight changes were shown to be reversible once the leptin antagonist treatment was ceased, indicating that this compound could be useful therapeutically for the treatment of cachexia and other metabolic and immune-mediated diseases. Indeed, a monoclonal antibody against leptin receptor was shown to act as an antagonist, blocking human monocyte TNF secretion and anti-CD3 induced T cell proliferation in peripheral blood mononuclear cultures [49] . In summary, the investigation of leptin has shown that even if the mechanism of action is well established with a proven treatment concept in animal models, an efficacious and successful treatment in humans is not guaranteed, albeit leptin antagonism may appear as a new therapeutic target once more human data is obtained.
Adiponectin
Adiponectin is an adipose tissue-derived cytokine with homology to type VIII and type X collagens and to complement factor C1q. This adipokine is found in the peripheral blood in high concentrations and is present as several molecular isoforms [50] . Adiponectin signals through two receptors, AdipoR1 (expressed preferentially in skeletal muscle) and AdipoR2 (expressed in the liver). The binding of adiponectin to AdipoR1 and R2 leads to the activation of AMPK and PPAR , as well as other molecules [51] . In the liver, adiponectin increases fatty acid oxidation and reduces liver glucose synthesis. Lean adiponectin knockout mice do not exhibit any severe alteration; but under a high fat diet, these mice display severe insulin resistance and lipid accumulation in muscle. Serum adiponectin is lower in morbidly obese individuals, while its serum levels increase during weight loss or with drugs that enhance insulin sensitivity, such as thiazolidinediones [50, 52] .
Adiponectin plays a prominent role in cardiovascular diseases, type 2 diabetes, and metabolic syndromes [53, 54] (Figure 2 ). Adiponectin exerts relevant actions on both the innate and adaptive immune systems. There is a consensus that adiponectin exerts insulin-sensitizing, anti-inflammatory, and antiapoptotic effects on several cell types [55] . It inhibits phagocytic activity and the production of IL-6 and TNF by macrophages. Adiponectin can induce the production of anti-inflammatory mediators such as IL-10 and IL-1RA by human monocytes, DCs, and macrophages [14] . In T cells, adiponectin receptors are coexpressed with negative T cell regulators, such as CTLA-4 (cytotoxic T-lymphocyte antigen 4) and TIRC7 (T cell immune response c-DNA). Similar to CTLA-4 binding, which results in the blocked of costimulatory stimulus in T cells required for the induction of proliferation, the addition of adiponectin results in decreased antigen-specific T cell expansion and cytokine production [56] . Piccio and coworkers showed that a lack of adiponectin is associated with severe EAE development. This worse EAE is accompanied with higher production of IFN-, IL-17, TNF-, and IL-6 by the T cells from Adipo −/− mice immunized with myelin antigen [57] . These data suggest that adiponectin may affect T cell responses by lowering the costimulatory stimulus delivered to T cells by antigen-presenting cells. Also, due to the abundance of adiponectin in human plasma, adiponectin appears to play a central role in the systemic regulation of T cell responses.
Adiponectin secretion from fat cells is reduced under adverse metabolic conditions, leading to decreased adiponectin serum levels. Also, several hormones associated with insulin resistance and obesity, such as insulin, catecholamines, TNF, and other proinflammatory cytokines, downregulate the expression of adiponectin in adipocytes, resulting in decreased adiponectin serum levels [58] . The role of adiponectin as an endogenous insulin sensitizer was described in adiponectin knockout mice, which have impaired insulin sensitivity [59] . Moreover, the overexpression of adiponectin in mice is sufficient to improve insulin sensitivity in high fat diet-induced obesity mice models [60, 61] . Recombinant adiponectin administration is sufficient to improve glucose, lipid, and insulin plasma levels as well as insulin receptor expression and liver steatosis in high fat diet-induced obesity mice treated with streptozotocin [62] . This indicates that adiponectin may ameliorate type 1 diabetes and other obesity-related diseases. Recently, an orally active adiponectin receptor agonist was shown to improve insulin resistance and glucose intolerance in mice [63] . This molecule, called AdipoRon, binds to the adiponectin receptor and ameliorates diabetes and prolongs the lifespan of obese mice. Thus, although the anti-inflammatory properties of adiponectin treatment still require further investigation, adiponectin or adiponectin receptor agonists are promising targets for the development of therapeutic drugs to treat insulin-resistant states, particularly because adiponectin also possesses anti-inflammatory properties, which can play an important role in the treatment of adipose tissue inflammation in obese individuals.
Retinol Binding Protein 4 (RBP4)
RBP4 is a 21-kDa protein that transports retinol from its main storage site in the liver to various tissues in the body. RBP4 is secreted from adipose tissue and the liver. STRA6 (stimulated by retinoic acid 6), a transmembrane protein, is the only characterized RBP4 receptor [64] . STRA6 mediates retinol uptake from retinol-RBP4 and the bidirectional transport of retinol [65] . RBP4 levels are elevated in many insulin-resistant states in mice and humans [66, 67] . RBP4 is the only specific transport protein for retinol (vitamin A) in the circulation, and elevation of serum RBP4 causes systemic insulin resistance [68] . Many studies have shown that serum RBP4 levels correlate with several components of metabolic syndromes in humans, including hypertension [67, 69] , dyslipidemia [69, 70] , cardiovascular disease [71] , and intra-abdominal fat mass [71] [72] [73] . RBP4 is elevated in association with insulin resistance in diet-induced obesity and genetically obese (ob/ob) mouse models [68, 74] . Treatment with the insulin sensitizer rosiglitazone lowers serum and adipose RBP4 levels and improves insulin sensitivity Journal of Diabetes Research 5 [68] . Moreover, whole-body deletion of RBP4 improves insulin sensitivity in mouse models, and treatment with the synthetic retinoid fenretinide lowers serum RBP4 levels by disrupting TTR (transthyretin) interaction with RBP4 and enhancing RBP4 clearance. Lowering RBP4 levels through TTR inhibition was recently shown to be effective, improving insulin resistance and adipose tissue inflammation in obese mice [75] . Additionally, fenretinide is able to improve insulin sensitivity in mice on a high fat diet [68, 76] . Conversely, transgenic overexpression of RBP4 or injections of purified RBP4 into normal mice cause insulin resistance [68, 77] . Mechanistically, RBP4 impairs insulin signaling in muscle by decreasing insulin-stimulated tyrosine phosphorylation of insulin receptor substrate (IRS-1) and PI(3) kinase activity [68] . Elevated serum RBP4 induces insulin resistance in the liver by increasing the expression of phosphoenolpyruvate decarboxylase (PEPCK) and hepatic glucose output [68] . In primary human adipocytes, RBP4 impairs insulin-stimulated IRS1 and ERK1/2 phosphorylation [78] .
As mentioned, elevated serum RBP4 levels correlate roughly with insulin resistance [79, 80] and several parameters of metabolic syndromes in humans, including body mass index, intra-abdominal fat mass, systolic blood pressure, serum triglycerides, and decreased high-density lipoproteins, even in large epidemiological studies [67, 81] . Treatment of obesity and/or diabetes through weight loss [82, 83] , exercise, lifestyle intervention, bariatric surgery [82] , or thiazolidinedione treatment [84] lowers serum RBP4 levels. Moreover, genetic studies have identified an RBP4 promoter polymorphism that increases RBP4 expression [79] and is associated with a ∼2-fold increased risk for type 2 diabetes, suggesting that elevated RBP4 levels contribute to diabetes in certain human populations [80] .
A recent study has linked RBP4 to inflammation [85] . RBP4 treatment of bone marrow-derived macrophages stimulated TNF and IL-6 release. Depletion of Toll-like receptor 4 (TLR4) from bone marrow-derived macrophages blocked TNF and IL-6 production after RBP4 stimulation [85] . TLR4 is expressed in macrophages and upon stimulation activates NF B and JNK signaling, causing the release of inflammatory cytokines [86] . Emerging evidence suggests possible roles for proinflammatory pathways in RBP4-induced insulin resistance [77, 87] . RBP4 overexpression induces AT inflammation through the activation of both the innate and adaptive arms of the immune response [77] . RBP4 directly activates antigen-presenting cells, leading to adipose tissue inflammation. This RBP4-induced APC activation results in proinflammatory CD4 + T cell proliferation and Th1 polarization (Th1), which further orchestrates adipose tissue inflammation (mononuclear cell infiltration and proinflammatory cytokine production) and, therefore, insulin resistance [77] . These data suggest that approaches to lower RBP4 levels, such as utilizing fenretinide or thiazolidinedione, could lead to new strategies to attenuate adipose tissue inflammation, ameliorating metabolic parameters and insulin resistance. No human data exist regarding approaches to reduce RBP4 levels, and therefore, further investigation is required.
Visfatin
Visfatin was identified in the liver, skeletal muscle, and bone marrow as a growth factor for B cell precursors and a pre-B-colony enhancing factor (PBEF). Circulating visfatin level reflects white adipose tissue mass and increases with the differentiation of adipocytes. Visfatin transcription is regulated by TNF, IL-6, and glucocorticoids. Importantly, this adipokine is not exclusively produced by adipose tissue [88] . Neutrophils can produce visfatin after being stimulated with endotoxin [88] . Individuals with inflammatory diseases have elevated levels of circulating visfatin [89] . In monocytes, visfatin stimulates TNF, IL-6, and IL-1 secretion and costimulatory molecules expression. Visfatin also contributes to macrophage differentiation and cytokine release in a JNK-and NF B-dependent manner [90] . Additionally, visfatin augments monocyte-induced alloresponses in lymphocytes [91] . Therefore, visfatin is a proinflammatory mediator and might participate in a variety of inflammatory conditions, such as autoimmune diseases and adipose tissue inflammation-induced insulin resistance (Figure 2 ). Several studies have evaluated the immunological role of visfatin, and its effects on the treatment of inflammatory disorders are now known. For example, FK866, a visfatin inhibitor, attenuates intestinal and lung injury by inhibiting proinflammatory cytokine production and NF B activation, leading to improved survival rate [92] . Moreover, FK866 damps CXCL2-induced neutrophil recruitment, reducing neutrophil-mediated tissue injury in mice [93] . This could be of great importance for the treatment of acute inflammatory diseases, such as sepsis. Also, visfatin has an important enzymatic role in the synthesis of nicotinamide mononucleotide (NMN). Aging and hypercaloric feeding compromise NAMPT-(nicotinamide phosphoribosyl transferase-) mediated NAD + biosynthesis and may contribute to the pathogenesis of type 2 diabetes [94] . Albeit the role of visfatin in inflammation seems promising, few human studies have been conducted exploring visfatin as a therapeutic target.
TNF
TNF is a master cytokine that mediates many inflammatory responses and is implicated in the pathogenesis of several diseases, including cancer, sepsis, rheumatoid arthritis, diabetes, and inflammatory bowel disease [95] [96] [97] . Because TNF is secreted by the adipose tissue in obese mice and humans, TNF is also considered an adipokine [98, 99] . The major pathways activated by TNF include caspases, NF B, and mitogen-activated protein kinases (MAP kinases). Functional interaction between these signaling pathways can define the physiological outcome of a TNF-induced response. It is important to know that TNF acts in two waves, which contributes to the biological activity of TNF [100] . During the first phase, TNF signaling induces expression of inflammatory cytokines. These inflammatory cytokines initiate a secondary cellular response. The biphasic nature of TNF signaling complicates the analysis of the TNF signaling pathway and its application as a drug target. For example, the MAP kinases activated by TNF increase the expression of In obese rats, the neutralization of TNF resulted in increased peripheral glucose uptake induced by insulin [101] , and mice with a TNF gene deletion have significant improvement in their insulin sensitivity in both monogenetic and diet-induced obesity models [99] . These data support the notion that blocking TNF may result in improved insulin sensitivity and its related benefits. Indeed the administration of anti-TNF antibodies in mice resulted in reduced inflammation and the consequent protection against dietinduced obesity and insulin resistance [102, 103] . However, in obese Zucker rats, anti-TNF treatment did not affect insulin resistance [104] . Moreover, the successful improvement of metabolic diseases with anti-TNF treatment observed in some animal models failed to be effective in clinical trials. Treatment of human subjects with anti-TNF antibodies, such as Infliximab or Etanercept, did not improve insulin resistance or improved obesity [105, 106] . However, a few studies reported improvement in insulin sensitivity and glucose homeostasis during prolonged treatment with Infliximab [107] or Etanercept [108] . Importantly, albeit chronic treatment with Infliximab improved inflammatory status, it did not affect insulin sensitivity in diabetic obese individuals [106] . Among the possible causes of the lack of effect seen with anti-TNF treatment in insulin-resistant obese individuals, one may be the paracrine action of TNF [109] . Also, because Infliximab is primarily distributed in the vascular compartment, its effectiveness in peripheral tissues, such as adipose tissue, may be low. Despite some promising preclinical trials, the lack of human data is a major problem with the use of TNF antagonists as new therapeutic approaches. Thus far, TNF appears not to be a promising drug target, at least for the treatment of insulin resistance in humans.
IL-1
IL-1 is expressed and secreted by adipose tissue and is a proinflammatory cytokine that plays an important role in pancreatic -cell destruction in type 1 diabetes [110, 111] . Due to the enormous attention raised by the description of the NLRP3 (NOD-like receptor family, pyrin domain containing 3) inflammasome [112, 113] and by the dramatic response to IL-1 blockers observed in patients with a gain of function mutation for the NLRP3 gene (cryopyrin-associated periodic syndromes (CAPSs)) [114, 115] , IL-1 is now considered one of most important proinflammatory cytokines in several inflammatory diseases. The deployment of specific IL-1-targeting agents has demonstrated a pathological role for IL-1 -mediated inflammation in a growing list of inflammatory diseases.
IL-1 is produced by a limited number of immune cells, including monocytes, macrophages, and dendritic cells. Importantly, IL-1 is inactive under steady state conditions and requires several intracellular events to be cleaved into an active and secreted form. The search for targeting IL-1 began early in the 90s with the identification of a naturally occurring IL-1 receptor antagonist (IL-1Ra, Anakinra), which blocks both IL-1 and IL-1 activities. IL-1Ra competes with free IL-1 and IL-1 for IL-1R1 binding, preventing signal transduction. Due to its short half-life it is administered daily. The blockade of IL-1 with Anakinra improved glycaemia, -cell function, and circulating inflammatory factors in a clinical trial involving 70 patients with type 2 diabetes [110, 116] . This showed that IL-1 blockers could have a high impact in the treatment of obesity-induced inflammation and insulin resistance as well as the treatment of autoimmune diseases, such as type 1 diabetes. In addition to Anakinra, some other IL-1R blockers were developed. Rilonacept, a protein with the extracellular domains of humanized IL-1 receptor and IL-1 receptor accessory protein fused to the Fc portion of an IgG1, displays a better half-life compared to Anakinra, being administered once a week. Rilonacept binds to IL-1 and IL-1 with high affinity, inhibiting IL-1 activity [117] , and was shown to be effective in the treatment of gout [117, 118] . Another IL-1R blocker, Canakinumab, is a human anti-IL-1 monoclonal antibody. Importantly, different from previous blockers, Canakinumab does not cross-react with IL-1 or IL-1Ra. Thus, Canakinumab specifically prevents the interaction of IL-1 with its receptor, which results in blockage of the inflammatory signaling cascade and has an even longer half-life compared to other compounds. In humans, Canakinumab proved to be effective in the treatment of several inflammatory diseases [119, 120] . Another recently described compound, Gevokizumab, is an IgG2 humanized monoclonal antibody. Gevokizumab has a different action compared to the IL-1 blockers described above, Gevokizumab modulates IL-1 bioactivity by reducing the affinity of IL-1 for the IL-1RI:IL-1RAcP signaling complex [121] . This molecule has a very long half-life and can be administered once a month. Clinical trials are ongoing for osteoarthritis, noninfectious uveitis, and diabetes mellitus [121, 122] . Taken together, IL-1 represents a model in which adipokines may be indirectly employed as target molecules for the treatment of obesity-related and inflammation-induced insulin resistance comorbidities as well as for some autoimmune diseases.
Other Adipokines
In addition to the adipokines mentioned above, several others have been identified; their roles in immune-mediated diseases are not entirely understood and are currently being explored. Some of these factors include apelin, vaspin, and hepcidin [123] . Apelin was identified as a peptide and an endogenous binder of the orphan G-protein-coupled receptor APJ (apelin receptor). Apelin secretion in adipose tissue is increased by inflammatory factors, such as by TNF. In dietinduced obese mice, the levels of proinflammatory factors and the macrophage cell number increase as the adipose tissue expands, and it is possible that apelin plays a role in promoting this condition. Although there is a lack of information regarding the participation of apelin in immune responses, some data support its participation in tumor neovascularization, since apelin promotes the proliferation of endothelial cells [124] . The treatment of rats with apelin receptor antagonist lowered hepatic fibrosis, which suggests a beneficial role for apelin targeting in the liver [125] . More recently, the inhibition of apelin with pharmacology blockader (F13A) increased liver regeneration after hepatectomy, strengthening the potential importance of apelin in liver diseases [126] . In obese and insulin-resistant mice, the injection of recombinant apelin results in enhanced glucose utilization in skeletal muscle and the restoration of glucose tolerance [127] . Data regarding apelin obtained from different animal models indicate that apelin influences glucose homeostasis and may contribute to the link between increased adipose tissue mass and obesity-related metabolic and maybe inflammatory diseases. However, the precise mechanisms by which apelin exerts beneficial effects on glucose metabolism still require further investigation in humans.
Vaspin (visceral adipose tissue-derived serine protease inhibitor) was first described in 2005 as a serine protease inhibitor produced by visceral adipose tissue [128] . The administration of vaspin to obese mice improved glucose tolerance and insulin sensitivity [128] . The induction of vaspin by adipose tissue appears to constitute a compensatory mechanism in response to obesity. Administration of vaspin to obese mice improves glucose tolerance and insulin sensitivity and modifies the expression of genes involved in insulin resistance [129] . Moreover, treatment of different animal models with vaspin led to sustained decreased glucose levels and lower food intake [130] . Interestingly, vaspin is modulated by the energy status of the placenta, indicating that this protein may be involved in the regulation of placental metabolic functions [131] . These data suggest that vaspin is a promising pharmacological agent for the treatment of obesity and its related metabolic complications.
Hepcidin, described in 2001 as an antimicrobial urinary peptide produced by liver, was later characterized as an adipokine [132] . Hepcidin is an important regulator of iron homeostasis. The production of hepcidin does not exclusively depend on iron metabolism, but it can be stimulated by hypoxia and inflammatory stimuli [133] . The levels of this adipokine are higher in disorders involving generalized inflammation that results in hypoferremia. In mice with acute inflammation, hepcidin production is stimulated by IL-6 and by the STAT3 pathway [134] . Additionally, hepcidin acts against invading microorganisms by decreasing extracellular iron levels, limiting the amount of iron available to the microorganisms. Since hepcidin is induced by IL-6 and STAT3, it may also be induced by leptin, and if so, a higher body mass index and obesity could lead to elevated production of hepcidin. In some pathological conditions, hepcidin levels are inadequately elevated and reduce iron availability in the body, which leads to anemia. These elevated hepcidin levels are observed in conditions such as common anemia of chronic disease (ACD) or anemia of inflammation. To date, no definitive treatment for ACD exists. The agents utilized to treat this condition are barely effective and may have adverse side effects. Alternative approaches aimed at pharmacologically controlling the expression of hepcidin by targeting different regulatory steps have been attempted. These include hepcidin-sequestering agents, inhibitors of the IL6/STAT3 pathway or hepcidin transduction (siRNA/shRNA), and ferroportin stabilizers [135] . Although most agents have only been evaluated in preclinical studies, several have reached human clinical trials. Although the clinical effectiveness of hepcidin-targeted therapies has yet to be established, there is optimism that hepcidin agonists and antagonists will improve the treatment of patients with iron disorders, either alone or in combination with existing therapies.
Conclusions
Antiobesity treatments have offered only limited long-term success (lifestyle changes, physical activities, diets, and pharmacotherapies) or are associated with a relatively high mortality risk (bariatric surgery). Thus, there is an increased need for the development of new strategies to pharmacologically treat the health problems associated with obesity and chronic inflammation. Because adipokines are involved in the regulation of appetite, satiety, energy expenditure, inflammation, and physical activities, they may represent important targets for therapeutic interventions in the treatment of chronic inflammatory diseases, such as obesity and autoimmune diseases. A lack of understanding of the immunological roles and mechanisms of adipokine actions and their potential side effects are still problems to be solved in drug discovery. New adipokine-targeting compounds and treatment strategies may offer exciting new approaches for a spectrum of diseases with multiple unmet clinical needs.
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